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Background ! According to the most recent estimates by the International Agency for Research on Cancer [33] colorectal cancer (CRC) is the most common cancer in Europe with 432 000 new cases in men and women reported annually. It is the second most common cause of cancer deaths in Europe with 212 000 deaths reported in 2008. Worldwide CRC ranks third in incidence and fourth in mortality with an estimated 1.2 million cases and 0.6 million deaths annually. The European Union (EU) recommends population-based screening for breast, cervical and colorectal cancer using evidence-based tests with quality assurance of the entire screening process including diagnosis and management of patients with screen-detected lesions [21] . The EU policy takes into account the principles of cancer screening developed by the World Health Organization [137] and the extensive experience in the EU in piloting and implementing population-based cancer screening programmes [131] . Screening is an important tool in cancer control in countries with a significant burden of CRC, provided the screening services are high quality [132] . The presently reported multidisciplinary, evidence-based guidelines for quali-ty assurance in colorectal cancer screening and diagnosis have been developed by experts and published by the EU [109] .
Methods

!
The methods used are described in detail elsewhere in this supplement [74] . Briefly a multidisciplinary group of authors and editors experienced in programme implementation and quality assurance in colorectal cancer screening and in guideline development collaborated with a literature group consisting of epidemiologists with special expertise in the field of CRC and in performing systematic literature reviews. The literature group systematically retrieved, evaluated and synthesized relevant publications according to defined clinical questions (modified Patient-Intervention-Comparison-Outcome-Study method). Bibliographic searches for most clinical questions were limited to the years 2000 to 2008 and were performed on Medline, and in many cases also on Embase and The Cochrane Library. Additional searches were conducted without date restrictions or starting before 2000 if the authors or editors who were experts in the field knew Lansdorp-Vogelaar I, von Karsa L. Introduction -Chapter 1 … Endoscopy 2012; 44: SE15-SE30 Multidisciplinary, evidence-based guidelines for quality assurance in colorectal cancer screening and diagnosis have been developed by experts in a project coordinated by the International Agency for Research on Cancer. The full guideline document covers the entire process of populationbased screening. It consists of 10 chapters and over 250 recommendations, graded according to the strength of the recommendation and the supporting evidence. The 450-page guidelines and the extensive evidence base have been published by the European Commission. The first chapter deals with the evidence for the effectiveness of CRC screening; key operational parameters such as age-range, interval between two negative screening examinations, and some combinations of tests; and cost-effectiveness. The content of the chapter is presented here to promote international discussion and collaboration by making the principles and standards recommended in the new EU Guidelines known to a wider professional and scientific community. Following these recommendations has the potential to enhance the control of colorectal cancer through improvement in the quality and effectiveness of the screening process, including multi-disciplinary diagnosis and management of the disease. that there were relevant articles published before 2000. Articles of adequate quality recommended by authors because of their clinical relevance were also included. Only scientific publications in English, Italian, French and Spanish were included. Priority was given to recently published, systematic reviews or clinical guidelines. If systematic reviews of high methodological quality were retrieved, the search for primary studies was limited to those published after the last search date of the most recently published systematic review, i.e. if the systematic review had searched primary studies until February 2006, primary studies published after February 2006 were sought. If no systematic reviews were found, a search for primary studies published since 2000 was performed.
In selected cases references not identified by the above process were included in the evidence base, i.e. when authors of the chapters found relevant articles published after 2008 during the period when chapter manuscripts were drafted and revised prior to publication. The criteria for relevance were: articles concerning new and emerging technologies where the research grows rapidly, high-quality and updated systematic reviews, and large trials giving high contribution to the robustness of the results or allowing upgrading of the level of evidence. The methodological quality of the retrieved publications was assessed using the criteria obtained from published and validated check lists. Evidence tables were prepared for the selected studies. The evidence tables, clinical questions and bibliographic literature searches are documented elsewhere [73] . In the full guidelines document [109] over 250 recommendations were formulated according to the level of the evidence and the strength of the recommendation using the following grading scales.
Level of evidence:
I multiple randomised controlled trials (RCTs) of reasonable sample size, or systematic reviews (SRs) of RCTs II one RCT of reasonable sample size, or 3 or less RCTs with small sample size III prospective or retrospective cohort studies or SRs of cohort studies; diagnostic cross sectional accuracy studies IV retrospective case-control studies or SRs of case-control studies, time-series analyses V case series; before/after studies without control group, cross sectional surveys VI expert opinion
Strength of recommendation:
A intervention strongly recommended for all patients or targeted individuals B intervention recommended C intervention to be considered but with uncertainty about its impact D intervention not recommended E intervention strongly not recommended Some statements of advisory character considered to be good practice but not sufficiently important to warrant formal grading were included in the text.
Results
!
Several guiding principles and 17 graded recommendations are provided in Chapter 1.
Guiding principles
1. The aim of screening as a tool for cancer control is to lower the burden of cancer in the population by discovering latent disease in its early stages and treating it more effectively than if diagnosed later when symptoms have appeared. 2. As such, screening is a commendable method to reduce the burden of disease. However, population screening targets a predominantly healthy population, and should therefore only be conducted after a careful consideration of both harms and benefits. 3. In 1968 the World Health Organisation (WHO) defined the first set of principles for population screening [137] . These principles are still valid today. Together with the substantial experience in implementation of population-based screening programmes in the EU, they have been taken into account in the Council Recommendation on The available evidence suggests that the optimal interval for FS screening should not be less than 10 years and may even be extended to 20 years (see Rec. 1.11) (IV -C). Sect Colonoscopy 1.10 Limited evidence exists on the efficacy of colonoscopy screening in reducing CRC incidence and mortality (III). However, recent studies suggest that colonoscopy screening might not be as effective in the right colon as in other segments of the colorectum (IV). Sect 1.3.2.1 1.11 Limited available evidence suggests that the optimal interval for colonoscopy screening should not be less than 10 years and may even extend up to 20 years (III -C). Sect 1.3.2.2 1.12 Indirect evidence suggests that the prevalence of neoplastic lesions in the population below 50 years of age is too low to justify colonoscopic screening, while in the elderly population (75 years and above) lack of benefit could be a major issue. The optimal age for a single colonoscopy appears to be around 55 years (IV -C Fig. 1 .1) [75, 79] . Adenomas can occur anywhere in the colorectum after a series of mutations that cause neoplasia of the epithelium. Adenomas are most often polypoid, but can also be sessile or flat [48] . An adenoma grows in size and can develop high-grade neoplasia. At a certain point in time, the adenoma can invade the submucosa and become malignant. Initially, this malignant cancer is not diagnosed and does not give symptoms yet (preclinical). It can progress from localised (stage I) to metastasised (stage IV) cancer, until it causes symptoms and is diagnosed. In developed countries, approximately 40 -50 % of the population develop one or more adenomas in a lifetime [48] , but the majority of these adenomas will never develop into CRC.
Only 5 -6 % of the population actually develop CRC [54] . The average duration of the development of an adenoma to CRC is unobserved, but is estimated to take at least 10 years [138] . This long latent phase provides an excellent window of opportunity for early detection of the disease. When detected in the adenoma-phase, removal of the adenoma can prevent the incidence of CRC [139] . But even when detected as an early-stage cancer, prognosis is considerably better than for late-stage cancer [18] as can be seen in• " Fig. 1 
Principles of population screening
The aim of population screening is to discover latent disease in the population in order to detect a disease in its early stages and enable it to be treated adequately before it poses a threat to the individual and/or the community [137] . As such, screening is a commendable method to reduce the burden of disease. However, population screening targets an (apparently) healthy population, and should therefore only be conducted after a careful consideration of both harms and benefits.
In 1968, the World Health Organisation (WHO) defined the first set of principles for population screening [137] . amination and whom to treat as patients. 9. The cost should be economically balanced in relation to possible expenditure on medical care as a whole. 10. Case finding should be a continuing process and not a once only project. These principles were later extended and further elaborated for the implementation of the national screening programmes in the Netherlands [42]:
1. Treatment started at an early stage should be of more benefit than treatment started later.
The time between test and result and between result and
treatment must be as short as possible. 3. The recruitment procedure should not limit people in their freedom to participate or not in the screening programme. 4. Potential participants should receive adequate information about pros and cons of participation. 5. Benefits and risks should also be well known to healthcare providers. 6. Public education should promote a broad accessibility of the programme. It should however not include a moral pressure effect. 7. There should be quality assurance (QA) and quality control (QC) procedures for the whole screening programme. 8. Screening programmes are concerted actions meeting organisational and managerial requirements. The above principles have been taken into account in the current EU policy on cancer screening which is laid down in the Council Recommendation on Cancer Screening of 2 December 2003 [21] . They show that evaluation of efficacy is a necessary condition for adopting population screening but not sufficient by itself. Many other aspects such as side effects, costs and infrastructure should also be considered. Population screening is a process that starts with educating the population about the (screening of the) disease and ends with the follow-up and treatment of patients with abnormal test results (see Sect. 1.1.4). Quality assurance and control forms a crucial aspect of this process (see Chapter 2 [70] ). This introductory chapter presents the evidence which confirms that CRC screening fulfils the above criteria established by the WHO. The subsequent chapters provide comprehensive recommendations and additional applicable evidence essential to ensuring that screening programmes also fulfil the principles of best practice and quality assurance mentioned above and elucidated in the Council Recommendation on Cancer Screening (see Sect. 1.1.4). The European Guidelines for Quality Assurance in Colorectal Cancer Screening and Diagnosis have been developed to inform European policymakers and public health specialists, and particularly also professionals, programme managers and any other staff involved in the provision of screening services, as well as advocates, individuals in the populations invited to attend screening, and any other interested people, about the essential issues, guiding principles, standards and procedures of quality assurance and best practice that should be taken into account in running and establishing colorectal cancer screening programmes in the EU Member States. We would like to stress that these guidelines are specifically developed for screening the average-risk population for CRC. High-risk individuals should be referred for high-risk protocols if available.
EU policy on cancer screening
A large body of knowledge on implementation of cancer screening programmes has been acquired through the screening networks established by the European Union in the Europe Against Cancer programme which have been consolidated under the subsequent EU Health programmes in the European Cancer Network. The EU networks have shown that overall screening outcome and quality depend on the performance at each step in the screening process. To achieve the potential benefit of cancer screening, quality must therefore be optimal at every step in the process, that includes information, identification and personal invitation of the target population; performance of the screening test; and, if necessary, diagnostic work-up of screen-detected lesions, treatment, surveillance and subsequent care. Screening is performed on predominantly healthy people; comprehensive quality assurance is also required to maintain an appropriate balance between benefit and harm in the large numbers of people eligible to attend cancer screening programmes. Achieving and maintaining high quality at every step in the screening process requires an integrated, population-based approach to health service delivery. This approach is essential in order to make screening accessible to those in the population who may benefit and in order to adequately monitor, evaluate and continuously improve performance [4, 5, 25, 84 -86, 130, 131] . Implementation of organised programmes is recommended because they include an administrative structure responsible for service delivery, quality assurance and evaluation. Populationbased programmes generally require a high degree of organisation in order to identify and personally invite each person in the eligible target population. Personal invitation aims to give each eligible person an equal chance of benefiting from screening and to thereby reduce health inequalities. As with evidence-based screening for breast or cervical cancer, the population-based approach to programme implementation is also recommended for CRC screening because it provides an organisational framework conducive to effective management and continuous improvement of the screening process, such as through linkage with population and cancer registries for optimisation of invitation to screening and for evaluation of screening performance and impact. Nationwide implementation of population based screening programmes makes services performing to the high standards available to the entire population eligible to attend screening. Large numbers of professionals undertake further specialisation in order to meet the screening standards. Consequently, these nationwide efforts also contribute to widespread improvement in diagnosis and management of symptomatic disease [132] . On 2 December 2003, the Health Ministers of the European Union unanimously adopted a recommendation on cancer screening based on the developments and experience in the Europe Against Cancer programme [21] . The Recommendation of the Council of the European Union spells out fundamental principles of best practice in early detection of cancer and invites EU Member States to take common action to implement national cancer screening programmes with an organised, population-based approach and with appropriate quality assurance at all levels, taking into account European quality assurance guidelines for cancer screening, where they exist [131] . The adoption and subsequent implementation of the Council Recommendation on Cancer Screening has been repeatedly supported by vigorous initiatives of the European Parliament documented in parliamentary resolutions [28 -30] . Continued, concerted efforts to implement the Council Recommendation including efforts to continuously update the European screening quality assurance guidelines have also been recommended by the Council at the conclusion of the Slovenian EU Presidency and more recently [22, 23] . 
Implementation of colorectal cancer screening in Europe
Because CRC risk varies across Europe, the benefit of screening will also vary. With a high-quality screening programme and sufficient participation, the percent mortality reduction is generally expected to be similar in all countries. However, the absolute number of CRC deaths prevented depends on the background risk of CRC mortality. Therefore each country should prioritise the benefit of CRC screening against the benefit of alternative programmes. Nevertheless, the levels of CRC incidence throughout Europe indicate that the potential benefit of CRC screening is significant in all European countries. By the end of 2007, several EU Member States were in the process of implementing a national population screening programme [19, 131] . 
Evidence for efficacy
Three systematic reviews have evaluated the evidence for the efficacy of gFOBT screening [44, 45, 58] . The reviews all included the RCTs of Minnesota, Nottingham and Funen which compare gFOBT screening with no screening [43, 61, 71] . In addition, the Cochrane review by Hewitson also included the then-unpublished results of the Goteborg study [68] , whereas the Heresbach review also included the block-randomised trial from Burgundy [31] . All three reviews found a significant reduction in CRC mortality: the relative risk of dying from CRC in the screening arm compared to the control arm varies from 0.84 -0.86, implying a 14 -16 % reduction in CRC mortality. GFOBT screening was not found to have an effect on overall mortality [45] .
In a subgroup analysis, Heresbach showed that CRC mortality reduction was confined to the first 10 years of screening (six rounds) and that CRC mortality was not decreased during the 5 -7 years after that, nor in the second phase (8 -16 years after the onset of screening) of the Minnesota screening trial [44] .
In conclusion, there is good evidence that gFOBT screening reduces CRC mortality by 14 % -16 % in people of appropriate age invited to attend screening. The observed, modest reduction in CRC mortality has not been shown to impact overall mortality (I). Rec 1.1
Evidence for the interval
There are no specific trials investigating the best screening interval for programmes with gFOBT. One RCT conducted in the Minnesota area on healthy volunteers aged 50 to 80 years reported data on annual and biennial screening [71] . After 13 years of follow-up, a statistically significant 33 % CRC mortality reduction was reported in the annual screening group compared to the control group. At that time, biennial screening resulted in a nonsignificant 6 % mortality reduction. Two European trials (in England and in Denmark) subsequently showed statistically signifi-cant 15 % and 18 % mortality reductions, respectively, with biennial screening [43, 61] . A second publication of the Minnesota trial provided updated results through 18 years of follow-up and reported a 21 % CRC mortality reduction in the biennial screening group, while the reduction in CRC mortality for annual screening remained 33 % [72] .
In conclusion, both annual and biennial screening with gFOBT have been shown to be effective methods for significantly reducing CRC mortality (I). The results of the Minnesota trial imply that the benefit from annual screening appears to be greater than for biennial screening (II). No clear recommendation regarding the best time interval for offering screening by gFOBT can be drawn.
To ensure effectiveness, the screening interval in a national screening programme should not exceed two years (II -B). Rec 1.2
Evidence for the age range
There are no specific trials investigating the optimal age range for gFOBT screening. None of the RCTs investigating annual or biennial screening by gFOBT reported a formal subgroup analysis regarding efficacy of screening in different age groups [43, 61, 68, 71] . Data from the Nottingham trial at 11 years of follow up showed no difference in CRC mortality rates between subjects older and younger than 65 years [108] . Circumstantial evidence for the age range comes from the differences in age range of the RCTs. • " Table 1 .2 gives an overview of the age ranges of the four RCTs of Minnesota, Nottingham, Funen and Goteborg and the observed mortality reductions in these trials [45] . Goteborg investigated the narrowest age range from age 60 to 64, whereas the other trials have included individuals as young as 45 and as old as 80. Considering the limit of this indirect comparison, the table shows that CRC mortality reduction is significant for all age ranges and that the magnitude of the relative risk reduction is similar for all age ranges investigated. In summary, the best age range for offering gFOBT screening has not been investigated in trials. Circumstantial evidence suggests that mortality reduction from gFOBT is similar in different age ranges between 45 and 80 years (IV). The age range for a national screening programme should at least include 60 to 64 years in which CRC incidence and mortality are high and life-expectancy is still considerable. From there the age range could be expanded to include younger and older individuals, taking into account the balance between risk and benefit and the available resources (VI -B). Rec 1.3
Evidence on risks vs. benefit and cost-effectiveness
GFOBT screening is a safe screening method with no direct adverse health effects. However, it is associated with false-positive test results, leading to anxiety and unnecessary follow-up colonoscopies. Approximately 1 % of screened individuals in the Nottingham and Funen trials had a positive gFOBT and no adenomas or CRC detected at follow-up colonoscopy. In the UK pilot programme of gFOBT screening, a similar false positivity rate was 3 found. Because of rehydration of the gFOBT, the rate of false-positive test results was almost 9 % in the Minnesota trial. Per 10 000 follow-up colonoscopies after positive tests, approximately 7 perforations and 9 major bleeds were reported in the RCTs of Nottingham and Minnesota. In the UK pilot programme 5 perforations per 10,000 colonoscopies were reported. For unrehydrated gFOBT, this means that there are approximately 16 major complications from unnecessary colonoscopies per 1 million persons screened. For rehydrated gFOBT these values are almost 10 times as high. No colonoscopy-related deaths were reported in any of the RCTs, or in the UK pilot programme. In a well-organised, high-quality screening programme using unrehydrated gFOBT, the risks of adverse effects are limited (I).
A systematic review [89] for the United States Preventive Services Task Force (USPSTF) compared the cost-effectiveness of the following CRC screening strategies: FOBT; sigmoidoscopy; the combination of FOBT and sigmoidoscopy; and colonoscopy. The included studies found that the cost-effectiveness of CRC screening with annual or biennial gFOBT varied from US$ 5691 to US$ 17 805 per life-year gained [89] . The included studies differed with respect to what screening strategies were most costeffective and the review concluded that no recommendation of one screening strategy over the others could be made based on the available evidence (III -D). Rec 1.17 Two studies specifically investigated the cost-effectiveness of gFOBT screening in Europe [63, 136] . The first one estimated the cost-effectiveness of biennial FOBT screening over up to five screening rounds within the Nottingham trial [136] . 
Evidence for efficacy
To date, there has been one RCT evaluating the efficacy of iFOBT screening. In this study, 94 423 individuals were offered a onceonly iFOBT screen. After 8 years, the investigators found a statistically significant 32 % reduction in rectal cancer mortality, but no reduction in colonic or overall CRC mortality [144] . There are two caveats concerning this study: Firstly, follow-up of positive iFOBT was performed by flexible sigmoidoscopy, which may explain the lack of effectiveness in the entire colon. Furthermore, randomisation was based on townships and not on individuals.
In addition, three Japanese case-control studies evaluated the efficacy of iFOBT [80, 104, 105] . All three studies found a significant reduction in CRC mortality from iFOBT screening, ranging from 23 % to 81 %, depending on the study and years since last iFOBT.
Clinical societies have argued that it might be appropriate to implement a new CRC screening test without an RCT on CRC mortality, if there is convincing evidence that the new test has: (1) at least comparable performance (e. g. sensitivity and specificity) in detecting cancers and adenomas; (2) is equally acceptable to patients and (3) has comparable or lower complication rates and costs [138] . This evidence is available for iFOBT: there have been 13 population-based screening studies comparing performance characteristics of gFOBT and iFOBT [2, 3, 16, 24, 39, 46, 50, 60, 102, 117, 128, 140, 142] . Although the studies used different tests and slightly different protocols, the results of all studies consistently showed that iFOBT has significantly higher sensitivity for advanced adenomas and cancer than the gFOBT (Hemoccult II). For some cut-off levels for referral, iFOBT was also more specific (see also Ch. 4 [41] , Sect. 4.2.5 and 4.3.2). There is reasonable evidence from an RCT (II) that iFOBT screening reduces rectal cancer mortality, and from case control studies (IV) that it reduces overall CRC mortality. There is additional evidence showing that iFOBT is superior to gFOBT with respect to detection rate and positive predictive value (III). Rec 1.4
Evidence for the interval
The three case-control studies evaluating the efficacy of iFOBT showed that a reduction in risk of CRC death was only statistically significant for those subjects screened within three years prior to the diagnosis. No reduction in risk was observed after three years. This circumstantial evidence suggests that the screening interval with iFOBT should not exceed three years (III). Due to lack of additional evidence, the interval for iFOBT screening can best be set at that for gFOBT, but should not exceed three years (VI -C). Rec 1.5
Evidence for the age range
No evidence is available on the best age range for iFOBT screening. Given the similarities between the tests, the age range for a screening programme using iFOBT can best be based on the limited evidence for the optimal age range from gFOBT trials (see Rec. 1.3, Sect. 1.2.1.3) (VI -C). Rec 1.6
Evidence on risks vs. benefit and cost-effectiveness
As with gFOBT, there are no serious adverse health effects directly attributable to iFOBT screening. Complications in an iFOBT screening programme occur from diagnostic colonoscopies after positive test results. Approximately 2 -3 % of individuals offered iFOBT screening in the Italian SCORE 2 and 3 trials [110, 112] and in the NORCCAP trial [38] had a positive iFOBT without adenomas or CRC detected at subsequent diagnostic colonoscopy. In the NORCCAP study, six perforations were reported after colonoscopy [38] . However, all of these complications occurred in therapeutic colonoscopies following polypectomy. There were no perforations in purely diagnostic colonoscopies without adenomas or cancer detected. In addition, there were four major bleeds and one burnt serosa syndrome. The total complication rate with colonoscopy was 4 per 1000 colonoscopies [38] .
In a well-organised high-quality iFOBT screening programme, the risks of adverse effects are limited (III). There were no studies specifically addressing the cost-effectiveness of iFOBT, but three studies that compared the cost-effectiveness of iFOBT to that of gFOBT [11, 64, 83] . Two studies concluded that iFOBT screening was at least as effective as gFOBT screening, but less costly [64, 83] . In the third analysis, the use of iFOBT for 20 years of biennial screening cost € 59 more than gFOBT per tar- 4 iFOBT is an evidence-based screening test for CRC that fulfils the require- 1.3.1 Sigmoidoscopy 5
Evidence for efficacy
For sigmoidoscopy screening, evidence on the efficacy is available from three RCTs: the Telemark and NORCCAP studies in Norway and the large UK study in which 57 237 individuals were randomised to the screening group for once-only sigmoidoscopy alone (• " Table 1 .3). The UK study was the only study to find a significant 31 % reduction in CRC mortality from sigmoidoscopy in an intention-to-treat analysis [8] . However, the Norwegian trials had considerably smaller sample sizes (13 823 individuals in the screening group in the NORCCAP study, and only 400 in the Telemark study); the NORCCAP study also had a shorter follow-up. Therefore these studies may have been underpowered [47, 123] .
In per-protocol analyses, the NORCCAP study did find a significant reduction in CRC mortality. Both the Telemark and UK study found a significant reduction in CRC incidence. The disturbing finding in the very small Telemark study that sigmoidoscopy screening might increase overall mortality in the screening group was not corroborated by either the NORCCAP or UK study. The UK trial used a two-step invitation process in which only people who actively expressed their interest in being randomised were enrolled. Although CRC incidence in the trial control group was similar to what is expected in the general population, the results cannot be directly extrapolated to the general population. Future results from 2 other large RCTs in Italy and the US will be used to assess the findings of these trials [91, 111] .
In addition, three case-control studies of good methodological quality have been published. In these studies, sigmoidoscopy was compared with no screening [78, 81, 113] while adjusting for the main confounding factors (family history of CRC, FAP, polyposis, ulcerative colitis and number of periodic health examinations). All three studies found a significant reduction in CRC mortality and two of them also in CRC incidence. Finally, a prospective cohort study including 24 744 asymptomatic men aged 40 -75 years at average risk of CRC, showed a significant 42 % reduction in overall CRC incidence and 56 % in distal cancer incidence from screening endoscopy after 8 years of follow-up. The study did not find a significant difference in proximal cancer incidence or overall CRC mortality [57] .
In conclusion, there is reasonable evidence that flexible sigmoidoscopy screening reduces CRC incidence and mortality, if performed in an organised screening programme with careful monitoring of the quality and systematic evaluation of the outcomes, adverse effects and costs (II). Rec 1.7
Evidence for the interval
There are no studies directly assessing the optimal interval for sigmoidoscopy screening. Two studies have evaluated the detection rate of adenomas and cancer three and five years, respectively, after a negative sigmoidoscopy [90, 106] . Both studies found a significantly lower detection rate at the second screening than at initial screening. The rates were 65 -75 % lower three years after a negative examination, [106] and 50 % lower 5 years after a negative examination [90] . Nevertheless, the authors of the two studies arrived at different conclusions: Platell suggested that rescreening the average-risk population with flexible sigmoidoscopy at intervals longer than 5 years could be considered, whereas Schoen concluded that although the overall percentage of detected abnormalities is modest, the data raise concern about the impact of a screen interval longer than 3 years after a negative examination. The UK flexible sigmoidoscopy screening study showed that there was little attenuation of the protective effect of sigmoidoscopy after 11 years of follow-up [8] , suggesting that the interval for rescreening should not be less than 10 years. This is in line with the evidence for colonoscopy screening (see Sect.
1.3.2.2).
In conclusion, the optimal interval for sigmoidoscopy screening was only assessed in two indirect studies that only considered intervals of three and five years. The UK flexible sigmoidoscopy study and evidence for colonoscopy screening seems to indicate that the optimal interval for endoscopy screening should not be less than 10 years and may even be extended to 20 years (see Sect. 1.3.2.2) 
Evidence for the age range
Evidence on the age-specific prevalence of colorectal adenomas suggests that the best age range for flexible sigmoidoscopy screening is between 55 and 64 [112] . A significant reduction in incidence and mortality of CRC has recently been shown in this age range in a large RCT using flexible sigmoidoscopy performed once in a lifetime as the primary screening test [8] .
There has been one cross-sectional study comparing safety, tolerability, completion, and endoscopic findings of sigmoidoscopy between individuals 50 -74 years old and individuals 75 years and older [82] . The study demonstrated that elderly subjects ≥ 75 years old have an increased rate of endoscopist-reported difficulties and a higher rate of incomplete examinations compared to subjects aged 50 -74 years. Complication rate and detection rate of adenomas and advanced adenomas were similar in both cohorts, while an increased detection of carcinomas in the elderly was observed.
In conclusion, there is limited evidence suggesting that the best age range for flexible sigmoidoscopy screening should be between 55 and 64 years (III -C). One study suggests that for screening in the elderly population (75 years and older) tolerability is an issue (V). Average-risk sigmoidoscopy screening should be discontinued after age 74, given the increasing co-morbidity in this age range (V -D). Rec 1.9 Six studies in the USPSTF review estimated the cost-effectiveness of sigmoidoscopy screening, [89] . One study showed that with favourable conditions sigmoidoscopy screening could be costsaving. In the other studies the cost-effectiveness ratio varied from US$ 12 477 to US$ 39 359 per life-year gained. More recent cost-effectiveness analyses found similar ratios (US$ 7407 -US$ 23 830) [87, 118, 129] . A recent study based in England also estimated that sigmoidoscopy screening could be cost-saving [122] . All cost-effectiveness analyses show that the cost-effectiveness of sigmoidoscopy screening is below the commonly used threshold of US$ 50 000 per life-year gained. Some studies suggest that sigmoidoscopy screening could even be cost-saving (III). Rec 
Evidence on risks vs. benefit and cost-effectiveness
Evidence for efficacy
Until recently, there has been no RCT investigating the efficacy of colonoscopy screening; a large multicentre trial is currently underway in Norway, Poland, the Netherlands, Iceland, Sweden and Latvia comparing the efficacy of a once-only colonoscopy to no screening. Systematic reviews evaluating the efficacy of colonoscopy screening [88, 134] include one prospective observational study comparing CRC incidence in a population that underwent colonoscopy and removal of detected lesions with the incidence of three reference populations [139] . Incidence in the cohort under investigation was 76 % to 90 % lower than that of the reference populations. These results should be interpreted with caution because the study used historical controls that were not from the same underlying population. Recently, a second prospective observational study showed a 65 % lower CRC mortality and 67 % lower CRC incidence in individuals with a screening colonoscopy compared to the general population [56] . Two recent casecontrol studies also found a significant reduction of 31 % in CRC mortality [10] and 48 % in advanced neoplasia detection rates [15] . However, the reduction in these studies was limited to the rectum and left side of the colon. No significant reduction was found in right-sided disease. Cross-sectional surveys have shown that colonoscopy is more sensitive than sigmoidoscopy in detecting adenomas and cancers and that this increased sensitivity could translate into increased effectiveness [134] .
In conclusion, limited evidence exists on the efficacy of colonoscopy screening on CRC incidence and mortality (III). However, recent studies suggest that colonoscopy might not be as effective in the right colon as in other segments of the colorectum (IV). Rec 1.10 Results of at least one large RCT would permit more definitive conclusions about the efficacy of colonoscopy as a primary screening test.
Evidence for the interval
The optimal interval for colonoscopy screening has been assessed in a cohort study and a case-control study. The cohort study found that CRC incidence in a population with negative colonoscopy was 31 % lower than general population rates and remained reduced beyond 10 years after the negative colonoscopy [116] . Similar results were obtained in the casecontrol study [14] : after adjustment for potential confounding variables, a previous negative colonoscopy was associated with a 74 % lower risk of CRC. This risk reduction persisted up to 20 years. Several prospective studies found a risk of adenoma 5 years after a negative colonoscopy ranging from 2.1 % to 2.7 % and a risk of advanced adenoma or cancer ranging from 0.0 % to 2.4 % [26, 49, 67, 99, 141] . Evidence for the timing of colonoscopy intervals is limited. A cohort and case-control study suggest that screening colonoscopies do not need to be performed at intervals shorter than 10 years and that this time interval may even be extended to 20 years (III -C). Rec 1.11
Evidence for the age range
Evidence on the age-specific prevalence of colorectal adenomas suggests that the best age range for colonoscopy screening is be- tween 55 and 64 [112] . However, no studies have been published which directly investigated the optimal age range for colonoscopy screening. Two cross-sectional studies compared detection rates in a cohort of 40 -49-year-olds with those in older cohorts [52, 103] . Although an increase in the prevalence of neoplasms in the 50 -59 years age group compared with the 40 -49 years age group was observed in the first study, this difference was not statistically significant [103] . The prevalence of CRC in the second study was significantly lower in the 40 -49-year-old cohort than in the cohort older than 49 years (p = 0.03) [52] . A German casecontrol analysis assessed the possible impact of colonoscopic screening history in different age groups [13] . For all screening schemes except those with a single endoscopy around age 50 or 70, strong, highly significant risk reductions between 70 % and 80 % were estimated. The optimal age for a single screening endoscopy appeared to be around 55 years. The previously reported cross-sectional study on safety, tolerability, completion, and endoscopic findings of sigmoidoscopy screening (see Sect. 1.3.1.3) suggests that tolerability is also an issue in colonoscopy screening in individuals over 74 years of age [82] .
There is no direct evidence confirming the optimal age range for colonoscopy screening. Indirect evidence suggests that the prevalence of neoplastic lesions in the younger population (less than 50 years) is too low to justify colonoscopic screening, while in the elderly population (≥ 75 years) lack of benefit could be a major issue. The optimal age for a single colonoscopy appears to be around 55 years (IV -C). Average-risk colonoscopy screening should not be performed before age 50 and should be discontinued after age 74 (V -D). Rec [62, 87, 118, 129] . One recent study in Germany estimated that a once-only colonoscopy screening could be cost-saving compared to no screening [114] . All cost-effectiveness analyses show that the cost-effectiveness of colonoscopy screening is below the commonly used threshold of US$ 50 000 per life-year gained (III). Rec No trials have assessed the impact of combining sigmoidoscopy screening with annual or biennial FOBT on CRC incidence or mortality. One trial comparing a combination of flexible sigmoidoscopy and once-only FOBT with sigmoidoscopy alone did not find a lower post-screening CRC incidence in the group with the combination strategy than in the group with sigmoidoscopy alone [47] . A few studies reported diagnostic yield with a combination of once-only sigmoidoscopy and once-only FOBT, compared to FOBT and/or sigmoidoscopy alone [38, 65, 95, 96, 110] . The yield of the combination of once-only sigmoidoscopy with once-only FOBT was significantly higher than that of once-only FOBT alone, but not higher than that of once-only sigmoidoscopy alone. When a once-only combination of sigmoidoscopy with FOBT was compared with biennial FOBT alone, the cumulative detection rates for cancer and advanced adenoma became similar among the two strategies after 5 rounds of biennial FOBT screening [95] . When the detection rate was calculated among the invited (as opposed to examinees) diagnostic yield was higher in the biennial FOBT programme because of the higher compliance with FOBT. These conclusions should be considered cautiously, however, because they are based on an indirect comparison of two trials and because sigmoidoscopy may prevent advanced adenomas and CRC. A comparison of cumulative detection rates of advanced adenomas and CRC may therefore be biased in favour of biennial FOBT screening. Two studies evaluated the effect of offering combined once-in-alifetime testing on screening compliance [38, 110] . While one study showed a significantly lower compliance with the combination of sigmoidoscopy and FOBT compared to FOBT alone [110] the other did not find a difference between the combination, and sigmoidoscopy alone [38] . The impact on CRC incidence and mortality of combining sigmoidoscopy screening with annual or biennial FOBT has not yet been evaluated in trials. There is currently no evidence for extra benefit from adding a once-only FOBT to sigmoidoscopy screening (II). Rec Lieberman et al.
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Severe complications 0. ation on CRC incidence and mortality (see Sections 1.5.1 -3). New screening technologies are therefore not recommended for screening the average-risk population (VI -D). Rec 1.14
CT colonography
CTC is a potential technique for CRC screening. With CTC, twoand three-dimensional digital images are constructed to investigate the presence of lesions in the colon and rectum. Studies on the impact of CTC screening on CRC incidence or mortality have not yet been conducted. Seven systematic reviews have been published between 2003 and 2008 on CTC performance characteristics in comparison to colonoscopy [40, 77, 92, 101, 119, 133, 135] . All meta-analyses and primary studies [6, 17, 98] reported that sensitivity was low for small polyps and increased with polyp size. The incidence of adverse events was very low in all studies which assessed this outcome. Three studies also reported patient preferences and found that participants prefer CT colonography over colonoscopy, [55, 100] . None of the retrieved studies considered the possible damage associated with radiation. All studies concluded that CT is not ready for routine use in clinical practice. Before CTC can be recommended for average-risk screening, it must be demonstrated to be highly and consistently sensitive in a variety of settings and questions about the optimal technological characteristics of the technique must be settled. These questions include the appropriate threshold size for referral of findings, costs of the procedure in relation to its effectiveness and the potential risks from the radiation exposure (VI -A).
Stool DNA
With stool DNA testing, faeces are investigated for the presence of disrupted or methylated DNA. There have been no studies evaluating the CRC incidence or mortality reduction from stool DNA testing. Systematic reviews of performance characteristics of stool DNA tests [12, 69, 135] included two prospective studies assessing diagnostic performance in an average-risk population [1, 51] . Both studies found that stool DNA testing was more sensitive than Hemoccult II for advanced neoplasia, without loss of specificity. However, sensitivity of stool DNA was still only 50 % and 20 % in the respective studies [1, 51] . A new version of the stool DNA test has been developed that incorporates only two markers. The use of only two markers will make the test easier to perform, reduce the cost, and facilitate distribution to local laboratories. In a case-control study of this test, Itzkowitz found a high sensitivity of 83 % but the specificity was significantly worse than the older version at 82 % [53] . An important issue which must be addressed before widespread implementation of stool DNA testing becomes possible involves costs. Two studies have shown that at current costs of approximately US$ 350, stool DNA screening is not a cost-effective option for CRC screening [83, 143] . According to one study, costs should be 6 -10 times lower before stool DNA screening could compete with other available screening tests [143] . Stool DNA with version 1 testing has superior sensitivity over Hemoccult II, at similar levels of specificity (III). Version 2 seems to have even better sensitivity, at the expense of worse specificity (IV). The diagnostic accuracy of stool DNA needs to be confirmed by large multicentre prospective trials in the average-risk population, and costs need to be reduced before stool DNA testing can be recommended for CRC screening (VI -D).
Capsule endoscopy
With capsule endoscopy, a camera with the size and shape of a pill is swallowed to visualise the gastrointestinal tract. No studies have reported on CRC incidence and mortality reduction from capsule endoscopy. Two reviews have evaluated its test performance characteristics compared to colonoscopy and/or CT colonography [34, 124] . Since the reviews, four more studies on the diagnostic accuracy of capsule endoscopy have been published [27, 35, 115, 127] . Sensitivity in the studies included in the review varied from 56 -76 %, and specificity from 64 -69 % [34, 124] . The newer studies showed somewhat better estimates than the earlier studies, with sensitivity ranging from 72 -78 % and specificity from 53 -78 % [27, 35, 115, 127] . However, these test characteristics are still inferior compared to colonoscopy. Capsule endoscopy bears promise as an alternative to colonoscopy, because the examination can be realised without intubation, insufflation, pain, sedation or radiation; no serious adverse effects have been reported. However, accuracy data show inferior performance compared to colonoscopy (III). Better diagnostic performance results from large multicentre prospective trials in the average-risk population are required before capsule endoscopy can be recommended for screening (VI -A). Rec 1.14 
Conclusions
! In a multidisciplinary process, wide consensus has been achieved on a comprehensive package of evidence-based recommendations for quality assurance in colorectal cancer screening. Following these recommendations has the potential to enhance the control of colorectal cancer in Europe and elsewhere through improvement in the quality and effectiveness of the screening process that extends from systematic invitation to management of screen-detected cases.
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